The complex dielectric spectra of 2-butoxyethanol with aniline and substituted anilines like aniline, o-chloroaniline, mchloroaniline, o-anisidine and m-anisidine binary mixtures in the composition of different volumes of percent (0%, 25%, 50%, 75%, and 100%) have been measured as a function of frequency between 10 MHz and 30 GHz at 298.15 K. The dielectric parameters like static dielectric constant ( 0 ) and relaxation time ( ) have been obtained by using least square fit method. By using these parameters ( 0 , ), effective Kirkwood correlation factor ( eff ), corrective Kirkwood correlation factor ( ), Bruggeman factor ( ), excess dielectric constant ( ), and excess inverse relaxation time (1/ ) values are calculated and discussed to yield information on the dipolar alignment and molecular rotation of the binary liquid mixtures. From all the derived dielectric parameters, molecular interactions are interpreted through hydrogen bonding.
Introduction
Time domain reflectometry technique is the powerful tool to identify the inter-and intramolecular rotations of the liquid and liquid mixtures. Dielectric studies on mixtures of polar liquids either in the pure state or in the inert solvents have been a subject of interest because they provide useful information regarding molecular complex formation in solution [1] . A significance of the intermolecular interactions in the dynamics of molecules, as revealed in dielectric relaxation spectroscopy, is one of the most important and still open problems of molecular physics of the liquid state [2] . Anilines are the prototypical aromatic amine. Being a precursor to many industrial chemicals, their main use is in the manufacture of precursors to polyurethane. 2-Alkoxyethanols are the combinations of ether, alcohol, and hydrocarbon chain in one molecule, providing versatile solvency characteristics with both polar and nonpolar properties [3] . In the series of 2-alkoxyethanols, ethylene glycol monobutyl ether (2-butoxyethanol) was selected for the present investigation, because 2-BE is a commercial liquid that is mainly used for the cleaning purpose. The dipole moment value of 2-BE is 2.08 Debye and is having high pKa for OH group. Rana et al. [4] carried out the dielectric relaxation study of 1-propanol with 2-chloroaniline and 3-chloroanilines over the entire range of concentration at frequency ranging from 10 MHz to 10 GHz using time domain reflectometry (TDR) technique at four different temperatures. They found strong intermolecular association between the anilines in 1-propanol. Krishna and Sastry [5] studied the dielectric and thermodynamic properties of aniline in isopropyl alcohol at five different temperatures. So many attempts have been made in the study of dielectric properties of aniline and alcohols [6] [7] [8] [9] [10] [11] . But no attempt has been taken for the dielectric study of anilines like aniline, o-chloroaniline (o-CA), m-chloroaniline (m-CA), oanisidine (o-A), and m-anisidine (m-A) with 2-butoxyethanol (2-BE). The complex dielectric permittivity in the frequency range from 10 MHz to 30 GHz has been determined by using Tektronix Digital Serial Analyzer. The aim of our present investigation is to describe the molecular association 2 Advances in Physical Chemistry of anilines with 2-butoxyethanol binary mixtures through dielectric properties. It has been measured by using different dielectric parameters like static dielectric constant, relaxation time, Bruggeman factor, Kirkwood correlation factors, excess dielectric permittivity, and excess inverse relaxation time at 298.15 K.
Material and Methods

Chemicals.
All compounds used in this work were supplied by Loba (purity ≫99%) chemicals and were used as such without further purification. The purity of chemicals was checked by comparing their densities with literature values. The binary mixtures were prepared using airtight stoppered bottles (to avoid evaporation) and the mixtures were prepared at an interval of 25% anilines.
Measurements.
The dielectric spectra have been obtained by the time domain reflectometry (TDR) technique. The Tektronix model no. DSA8200 Digital Serial Analyzer sampling mainframe along with the sampling module 80E08 has been used for the measurement. A repetitive fast rising voltage pulse with 18 ps incident rise time was fed through coaxial line system of 50 Ω impedance. Sampling oscilloscope monitors changes in step pulse after reflection from the end of line. Reflected pulse without sample 1 ( ) and with sample ( ) were recorded in the time window of 2 ns and digitized in 2000 points. The Fourier transformation of the pulses and data analysis were done earlier to determine complex permittivity spectra * ( ) using nonlinear least squares fit method [12] [13] [14] . The experimental values of * ( ) are fitted with Debye equation [15] [16] [17] :
where ( 0 ), ( ∞ ), and ( ) are fitting parameters. In (1), ( 0 ) is the static permittivity, ( ) is the relaxation time, and ( ∞ ) is the permittivity at high frequency. [20] in their study of three chloroanilines in dilute benzene solution. A regular variation in relaxation time values may be due to the change in the molecular volume or change in the effective length of the dipole involved in the orientation process.
Result and Discussion
The structural information about the liquids from the dielectric relaxation parameter may be obtained by using the Kirkwood correlation parameter " " [21] . This parameter is useful for obtaining information regarding orientation of electric dipoles in polar liquids. The structural information on the interacting species is obtained by corrective correlation factor ( ). The ( ) values are deviated from unity, indicating strong intermolecular interactions between components of the studied systems [22, 23] . This significant deviation from unity in the ( ) values of the studied systems confirms that the effective dipoles in the mixture will be less than the corresponding average value in pure liquids and the clustering due to dipole-dipole interaction between the two hetero molecules. Modified forms of corrective correlation factor have been used to study the orientation of electric dipoles in binary mixture of anilines with 2-BE named as the effective Kirkwood correlation factor ( eff ) [24] [25] [26] .
The effective Kirkwood correlation factor ( eff ) that is calculated using (3) is given in Table 2 at 298.15 K. The eff values will change from 1 to 2 as concentration of molecule 2 will increase from 0% to 100%. The information on dipoledipole correlation in associating polar liquid can be derived from effective correlation factor [22] . If the eff values are greater than unity which indicates the parallel orientation of dipoles and if less than unity which indicates the antiparallel orientation of dipoles. In pure state the eff value of 2-butoxyethanol (1.939) is greater than unity, indicating parallel Advances in Physical Chemistry decreasing. It is interesting to note that the eff values are more deviated from unity and are found to be larger. This confirms the greater ability of 2-BE to form hydrogen bonds with aniline molecules.
The Bruggeman factor which is the ratio of theoretical values of static dielectric constant computed from Bruggeman mixture formula and practically obtained values has been obtained ( Figure 3) [23] . A linear relationship is expected from the Bruggeman factor values, which gives a straight line when plotted against 2 . However here the experimental values of ( ) were found to deviate from the linear relations. The nonlinear relation of ( ) 2-butoxyethanol with aniline systems suggests an intermolecular interaction taking place in the mixed components. It is assumed that the volume fraction ( 2 ) in the mixture is modified by a factor [ − ( − 1) ]. This modification may be due to the structural rearrangement of solute (anilines) molecule in the mixtures [27] . The values of " " contain information regarding the change in the orientation of the solute molecules (anilines) in the mixture. The values of " " are determined from the least square fit method, for all the studied systems. The value of " = 1 corresponds to the ideal Bruggeman mixture formula. The excess properties like excess dielectric constant ( ) and excess inverse relaxation time (1/ ) provide valuable The number in bracket represents error in least significant digit of the corresponding value as obtained by the least squares fit method; for example, 9.99 (1) means 9.99 ± 0.01. information about the formation of multimers in the mixture. The excess permittivity is defined as [28] [29] [30] . In an ideal mixture of polar liquids if the molecules are interacting, a nonlinear variation in dielectric constant and relaxation time occurs. This confirms that the intermolecular association is taking place in the system. The excess property related to permittivity and relaxation time provides significant information regarding interaction between the polarpolar liquid mixtures. The values of ( ) are negative for the whole composition for m-chloroaniline and m-anisidine with 2-butoxyethanol (Table 3) systems. The negative values indicate the formation of multimer structures which leads to decrease in the total number of dipoles in the systems. In the case of aniline + 2-butoxyethanol system the excess dielectric constant values are initially negative and the volume fraction of aniline that increases the values of ( ) goes to positive. But in the case of o-chloroaniline + 2-butoxyethanol system the values of ( ) are positive at the lower volume fraction of anilines and negative at the higher volume fraction of anilines. The ( ) values are positive for the whole composition of oanisidine + 2-butoxyethanol systems. Positive values of ( ) indicate the formation of monomeric, dimeric, or polymeric structures which increase the total number of dipoles in the system. Excess inverse relaxation time (1/ ) values are negative for all the studied systems except m-chloroaniline with 2-butoxyethanol system, which are listed in Table 2 . Negative values of (1/ ) indicate the formation of structures rotating slowly which may be probably due to dimeric structure of anilines, that is, the anilines creating a hindering field and hence the effective dipoles rotate slowly due to the formation of hydrogen bonded structures. But in the case of m-chloroaniline with 2-butoxyethanol system the excess inverse relaxation time values are positive for the whole composition range. The positive trend of (1/ ) suggests the fast rotation of dipoles in the systems. This may be due to the formation of monomeric structure in this region. The negative trend of (1/ ) suggests that the solute-solvent The number in bracket represents error in least significant digit of the corresponding value as obtained by the least squares fit method; for example, 1.939 (1) means 1.939 ± 0.01.
interaction produces a field such that the effective dipoles rotate slowly. Krishna and MadhuMohan [31] have reported the negative and positive values (1/ ) in N-methylaniline with alcohols. The excess Helmholtz free energy (Δ ) is a parameter to evaluate the interaction between the components in the mixture through breaking mechanism of hydrogen bond and is expressed [32] [33] [34] [35] as
where (Δ 0 ) represents the excess dipolar energy due to long range electrostatic interaction, (Δ ) represents the excess dipolar energy due to short range interaction between identical molecules, and (Δ 12 ) represents the excess free energy due to short range interaction between dissimilar molecules. The above terms are given in detail in (2):
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In the case of aniline, o-chloroaniline, o-anisidine, and m-anisidine with 2-butoxyethanol systems the values of (Δ 0 ) are positive and less negative for o-anisidine + 2-butoxyethanol at lower concentrations of anilines and negative at higher concentrations of anilines. It means that at initial concentration of anilines there is the existence of attractive force between the dipoles, while at higher concentrations of anilines there exists repulsive force between the dipoles. In the case of m-chloroaniline 2-butoxyethanol system the (Δ 0 ) values are positive for the whole composition range. This shows the existence of attractive force between the dipoles. The (Δ ) predicts the information of the short range interaction and self-association between like molecules. Increase of (Δ ) with volume fraction of the aniline molecules suggests that the strength of the homointeraction between aniline molecules increases. The maximum values of (Δ ) for the studied systems indicate the strong short range interaction through hydrogen bonding. In our systems, o-anisidine with 2-butoxyethanol has the maximum value of (Δ ).
The magnitude of (Δ 12 ) gives information on the strength of interactions between unlike molecules. According to Swain and Roy [36] antiparallel alignment leads to the destruction of angular correlation between dissimilar molecules decreasing internal energy and results in the increase of (Δ 12 ) values. The (Δ 12 ) values, aniline, and o-chloroaniline with 2-butoxyethanol systems are completely negative. In the case of o-anisidine + 2-butoxyethanol Advances in Physical Chemistry 7 The negative values of (Δ ) indicate the formation ofclusters. Due to the formation of these -clusters the effective dipole moment will be increased which increases the internal energy. The positive values of (Δ ) are due to the formation of -clusters and hence the effective dipole moment will be decreased when compared to the sum of individual systems and thereby it destructs the angular correlation between nonideal molecules which may decrease its internal energy. Hence the dipolar excess free energy or excess Helmholtz free energy can be considered to be a reflection of the interaction between the islands of anilines in 2-alkoxyethanols ( Figure 4) . The excess values are fitted with Redlich-Kister [37] polynomial equation and the average standard deviation values are calculated. These values are listed in Table 4 . The derived dielectric parameters and excess functions from the measured properties suggest the presence of strong molecular interactions in the solution to obtain binary coefficients and the standard errors in the Redlich-Kister polynomial equation at 298.15 K as a function of composition of the mixture. 
Conclusion
The complex permittivity spectra of 2-butoxyethanol in anilines have been studied using time domain reflectometry technique in the frequency range 10 MHz to 30 GHz. A nonlinear variation of static dielectric constant and relaxation time values suggests the heterogeneous interaction between 8 Advances in Physical Chemistry the unlike molecules. The calculated values like Kirkwood correlation factors, Bruggeman factor, and excess dielectric constant values confirm the hydrogen bond interaction between 2-BE with anilines. The negative total excess free energies Δ may be attributed to the H-bonding interaction between unlike molecules over the depolymerization of 2-BE by anilines.
